Lung cancers with different prognoses should have different biological properties, which in turn should be reflected in different gene expression profiles. In the best of all scenarios, these differentially expressed genes would also be functionally relevant and potential therapeutic targets. If such tumours could be identified when patients have only microscopic disease, curative treatment should be most effective. Yet in practice this approach has been very challenging-many studies have yielded prognostic signatures, but these seldom overlap with other signatures. Prognostic signatures are usually tested and validated in small samples, with methods that might not be transferable to real-life clinical situations. Thus, the report by Johannes Kratz and colleagues 5 in The Lancet is important, providing a lung cancer molecular prognostic signature that seems ready for widespread use. A 14-gene mRNA expression assay (including 11 target genes and three reference genes) for prognosis in early-stage non-squamous non-small-cell lung cancer (NSCLC) was developed and run with rigorous technical validation guidelines. The assay uses quantitative PCR and runs on widely available formalin-fixed paraffin-embedded tissue samples, with collection and processing techniques common in clinical practice. The assay improved prognostic accuracy through rigorous independent and blinded validation in a US cohort (433 patients) and a separate Chinese cohort (1006 patients). The analysis identified those at high, intermediate, and low risk of lung-cancer-related death, and the hazard ratio of the high risk compared with the low risk was 2·04 in one validation cohort after adjusting for routine clinical-pathological variables in multivariate analysis.
Rigorous validation in independent datasets or cohorts is essential, and full documentation is needed to allow independent scrutiny, which is essential particularly after problems with some prognostic signatures. 6, 7 Although statistical methods can deal with a large number of genes in such signatures, the number of genes plays an important part in the feasibility and cost of assay development, and use in practice. Therefore, good feature-selection approaches -which reduce the number of genes in a signature while achieving similar prediction performance-are crucial in development of a practical assay. 8 Kratz and colleagues used a variety of such methods to select 11 target genes from more than 200. A commonly-used feature selection approach ranks the performance of individual genes and selects the topranked features. However, this approach does not consider the relation between genes, nor redundancy of information, so the combination of top-ranked individual features might not be optimum. A feature selection approach that could take account of interactions between genes and select a set of genes with high information content might enable the further development of such assays.
Although we believe that Kratz and colleagues' assay is ready for widespread clinical testing, there are cautions to be considered. First, the signature works for non-squamous lung cancers, meaning that a squamous-cell lung cancer and other non-adenocarcinoma variants must first be ruled out by pathology. However, errors can be made, and many such NSCLCs are scored by pathologists as NSCLC not otherwise specified, and additional immunohistochemical studies are needed. 9, 10 Thus, an important aspect in the success of this assay is whether or not the signature works in squamous-cell lung cancer and all NSCLCs, irrespective of histological subtype. If not, other signatures will need to be developed.
Kratz and colleagues selected tumour samples that had different amounts of tumour cells, all substantial compared with the associated tumour microenvironment. Some previous signatures implicated immune-response genes (probably coming from the microenvironment), and so future studies will need to establish if such genes are also of prognostic value. 11 Evidence suggests that a subpopulation of cells within the tumour (socalled cancer stem cells) plays an important part in metastasis and treatment resistance, and that lung cancers with increased numbers of such cells have a worse prognosis. 12, 13 Thus, whether or not Kratz and colleagues' signature will need to take into account lung cancers with different amounts of cancer stem cells will be of great interest.
Although most studies focus on the prediction performance of molecular signatures, the biological relevance of genes in the signature is important. For example, one study showed that nuclear receptors can define prognosis markers for lung cancer that are probably of functional relevance and might be potential therapeutic targets. 14 A related example is whether the expression of genes that are synthetic lethals with oncogenotype or chemotherapy (eg, their continued expression is required for tumour cell survival in the presence of a specific mutation such as KRAS, or administered chemotherapy like a taxane) could be of prognostic and therapeutic importance 15 In addition to the identification of patients with poor prognosis who need additional treatment, the availability of biomarker signatures that will be predictive of better survival when coupled with specific therapy will be important. 16 Together, prognostic and predictive markers will allow personalised medicine for each lung cancer patient-determining who needs additional therapy and what specific type of therapy to use. 16, 17 Further studies will tell whether the genes in the Kratz and colleagues' signature are of functional relevance, and whether they will provide predictive information about how a patient with lung cancer responds to adjuvant treatment.
